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The findings in this report are not to be construed as an official
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documents.
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purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, ur sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commercial hardware or software.
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DEPARTMENT OF THE ARMY
U, 8. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
SUSTIS DIRECTORATE
FORT EUSTIS, VIRGINIA 23604

This report, on helicopter rod end bearings, was prepared by Systems
Associates, Incorporated, under the terms of Contract DAAJ02-71-D-0003,
Delivery Order 0002. It presents a discussion of the basic or under-
lying causes of reliability and maintainability (R&M) deficiencies that
have been found to exist in rod end bearings used in Army helicopters in
the current inventory. Included in the report are discussions of the
impact of design requirements, test requirements and procedures, quality
assurance requirements and procedures, maintenance practices and proce-
dures, training of maintenance personnel, and lagging technology upo:
various failure modes that are prevalent in rod end bearings. Also
discussed is the influence of past Army procurement policies and
procedures upon the basic causes of R&M deficiencies.

Results of this effort and other similar efforts have been used by this
Directorate as a basis for initiating R&D programs to evaluate and
recommend changes to design requirements, test requirements and
procedures, and quality assurance provisions for flight control, hydrau-
lic, electrical, and fuel systems and components.

The project engineer for this effort was Mr, Richard I, Adams, Military
Operations Technology Division.
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SUMMARY

This investigation was carried out to identify, isolate, and verify the
cause of problems with rod end bearings (REB) used on U.S. Army
helicopters and to trace the resulting effects on helicopter availability.
Design requirements, quality assurance provisions, maintenance pro-
cedures and practices, test requirements, and procurement practices
were analyzed to assess their impact upon the current REB problems.

Presently used swaged race designs are not fabricated in a manner which
permits them to contend with the U.S. Army helicopter operational envi-
ronment. These swaged races tend to move away from the spherical ball
when used in the vibratory environment induced by helicopters. The
result of the combination of this swaged design approach and the helicop-
ter vibratory environment is excessive play between the ball and the
race.

Quality assurance provisions were not formally imposed upon the bear-
ing manufacturers by the various helicopter airframe manufacturers.
Consequently, their procurement practices and the handling and process-
ing of REB failure data also contribute to their inefficacy. Rod end
bear.ngs are replaced in the same manner as a nut or a bolt; therefore,
their removal and replacement are not tracked in the U.S. Army Main-
tenance Manageiment System (TAMMS) computer printouts. This situa-
tion with TAMMS exists in spite of the fact that these removals and
replacements are recorded on Maintenance Request Forms (DA Form
2407). Computer printouts are kept only for those REB's that contribute
to helicopter safety-related problems.

Design recommendations include the use of a stainless steel ball with a
ceramic coating and a graphite race, a slotted spherical bearing, and an
elastomeric spherical bearing. U.S. Army helicopters should have all
military specification REB's installed as replacement parts as soon as
nonmilitary specification inventory REB's are depleted. The specifica-
tions that control these bearings should include bond and material
integrity, axial loading limits, radial loading limits, vibration, dust,
misalignment angle quantification, and conformity requirements. Main-
tenance inspections must be performed more frequently for high-load
bearings located near the rotors. All control linkage bearings and pitch
change links should have acceptable tolerances included for dial indicator
measurement. Sudden trends toward unswaging should be grounds for
investigation and replacement of the REB.

Helicopter REB qualification should not be in the nature of endurance
testing without maintenance. Normal maintenance and inspection of
control linkages should be made periodically. This assures that failure
of an REB will not create a cascade effect nor be masked in this if it
does occur. Acceptance of helicopter REB's must be based upon con-
tractual criteria that are detailed enough to require rejection if an air-
frame manufacturer fails to uce parts from a qualified product list,
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Failure to document and certify receiving inspection sampling and REB
installation on each helicopter should also be cause for helicopter rejec-
tion. Data gathered during this study indicated that no quality control
procedures, specifications, or recorded results were presently being
used. It is strongly recommended that REB vendcr and airframe manu-
facturer quality control, qualification certification, and conformity sam-
pling results be contractually required on every helicopter procurement.

A cost model and related cost data are presented for current and pro-
posed REB designs. This model shows that substantial maintenance -
related cost savings can be realized by using recommended improved
bearing designs.
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INTRODUCTION

This investigation was performed to establish the basis of problems

currently being experienced by the U.S. Army on their current-inventory i

helicopter REB's., This report describes the various study activities that i
. A . . . . i

were performed with the primary intent of isolating the basic causes of

existing failure modes. These activities covered data acquisition and

analysis, failure modes and effects analysis, analysis of requiremerts,

practices and procedures, recommendations for improvements in docu-

mentation and hardware, and cost savings that can be anticipated as a

result of implementing the various design improvement recommendations.

Early in this investigation it became apparent that a great many similari-
ties existed in the REB failure modes of various types of Army helicop-
ters. Consequently, the UH-1H REB's were used as the baseline design |

upon which this investigation was performed. This adoption of a
baseline desiga does not in any way bias any recommendation presented.
Therefore, a'l the revisions and solutions presented can be considered

applicable to all current-inventory U.S. Army helicopters.
The following listing contains sources of the data used in this investigation:
1. U.S. Army Agency for Aviation Safety (USAAAVS) reports

2. Reliability and Maintainability Management Improvement
Techniques (RAMMIT) reports

3. U.S. Army Aeronautical Depot Maintenance Center (ARADMAC)
reports

4, Navy Maintenance Material Management (3M) data

5. Failure Rate Data (FARADA) Handbook for Helicopter
Equipments

6. Long Beach National Guard Rotary Wing Facility, Long Beach,
California

7. New Cumberland Army Depot, New Cumberland, Pennsylvania
8. Forty-Ninth Aviation Battalion, Stockton, California

9. Federal Aviation Administration (FAA), Oklahoma City,
Oklahoma

10. U.S. Army Aviation Test Board, Cairnes Army Air Field,
Daleville, Alabama

Failure modes and effects analyses (FMEA) were performed on the
lubricated and tetrafluoroethylene (TFE)-lined type REB. Failure



modes, the associated probable failure causes, and failure effects on the
REB, next assembly, and helicopter were developed in tnis analysis,
Also, design/maintenance compensating provisions and recommendations
were made in the FMEA relative to each failure mode.

Failure causes determined from the FMEA were used to assess the ade-
quacy of design requirements, quality assurance, maintenance, and test-
ing. Design requirements cover specification control documents and
drawings, component selection criteria, military specifications and
standards, desigr requirements to eliminate induced failures, and con-
tract specifications. Quality assuraace provisions include discussions
on vendor manufacture quality control and shipping inspections, airframe
manufacturer receiving inspections, initial installation procedures,
functional test procedures, mandatory inspection points, and component
sampling procedures. Maintenance procedures and practices investi-
gated were categorized by maintenance manuals, periodic inspections,
shelf-life considerations, failure criteria and detection, maintenance
personnel skill level, qualifications and training, special tool require-
ments, and component cccessibility. Test requirements and procedures
were analyzed in terms of environmental tests and procedures, systems
compatibility testing requiremeniz and procedures, qualification test
requirements and procedures, flight test plans and procedures, service
test plans and procedures, and acceptance test procedures and rcsults.

A cost model was developed to predict costs incurred by REB failures as
a function of unit cost, installation time, labor costs, mean time between
failures, and fleet size. Existing and proposed REB designs are com-
pared using the model to determine costs. Revisions and solutions are
presented for changes in documentation and hardware in each of the areas
within the Requirements, Procedures, and Practices section.
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FAILURE DATA COMPILATION AND ANALVSIS

Although a wide spectrum of data sources were contacted and visited
during the course of the REB study, very little quantitative data were
available for analysis. In nearly all cases, failures of REB's did not
constitute sufficient justification for failure reports to be prepared.

The cost of an individual REB does not put it in the category of those
"condition'' items for which historical feedback information i3 normally
required. In terms of data quantity 2nd generic applicability to the prob-
lem, the FAA Regional Malfunction or Deficiency (M or D) Trend List
was the most productive source of information. However, most of the
FAA failure data pertaining to aircraft do not include items in the

Army inventory. The following paragraphs present the REB failure data
which were obtained during the course of this study, and their sources.

RELIABILITY AND MAINTAINABILITY MANAGEMENT IMPROVEMENT

TECHNIQUES (RAMMIT) ANALYSIS

The UH-1H, AH-1G, and CH-47 RAMMIT reports were used as potential
sources for identifying and reducing failure data. The two types of
RAMMIT reports investigated during this analysis are as follows:

1. Aircraft Component Time Since Installation, Overhaul or
New (ACTION) reports

2. Major Item Special Studies (MISS)

Aircraft Component Time Since Installation, Overhaul or New Analysis

Three ACTION reports (UH-1H, AH-1G and CH-47) were analyzed during
this investigation. The period covered by each ACTION report ranged
from 1 January 1964 through 30 June 1971. The type of data in the
ACTION report structure usually provides a rationale for removal in
terms of Failure Mode (FM), Time Since Last Installation (TSLI),

Time Since Last Overhaul (TSLO), and Time Since New (TSN} for each
part number., Information for the ACTION reports is extracted from
applicable portions of Component Removal and Repair/Overhaul Records
(DA Form 2410).

DA Form 2410 is used to provide installation, removal, overhaul, oper-
ating time, and control information for reportable aircraft components
and parts. The components/parts included under the 2410 reporting sys-
tem are time-change items. Time-change items include both finite life
and time between overhaul. These items are removed from service for
overhaul or retired after specified periods of operation because of design
limitations and/or safety. Certain condition-change items are reported
upon because of their high cost or a need for intensive management.
Selected-condition items are those which are removed from service when

i
i
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their condition becomes unserviceable and historical feedback information
is required for effective management.

Major Item Special Study Analysis

The MISS reports analyzed during this study were considered to be
representative of all MISS reports. The period covered in each report
ranged from 1 January 1964 through 30 June 1970,

As with the ACTION reports discussed above, data for REB's are not
extracted from the applicable DA Form 2410's or other similar mainte-
nance formsz. Consequently, no meaningful data pertaining to REB failure
causes or frequency of failure were found in them.

RAMMIT Analysis Conclusions

Technical Bulletin TB JJ-1500-307-25, entitled "Aircratt Components
Requiring Maintenance Management and Historical Data', does not desig-
nate REB's as time-change or condition-change items. This lack of a
specific requirement for maintenance management information is con-
sidered the basic reason for the nonexistence of REB data in the two
RAMMIT reports previously described. This situation of not processing
REB data exists even though the RAMMIT failure code index makes pro-
visions for ''failed rod end bearings' with a 710 code number.

These RAMMIT failure data clustered around two distinct Mean Time
Between Failures (MTBF): 330 hours and 2700 hours, Further analysis
of this phenomenon showed that the 330-hour MT23F bearings were

those that were used in high radial loading applications. The 2500~
hour MTBF bearings were those that were used with low radical

loading applications.

NAVY 3M DATA

Navy 3M data from the Maintenance Support office at Mechanicsburg,
Pennsylvania, were also examined. The format used did not include
material failure causes for subsystem components. Reports that track
failure modes for specific end items are generated locally at certain
user organizations. For instance, such data were being generated at
the Marine Corps Air Facility, Santa Arna, California. However, the
data did not contain suitable information for the present analysis. The
3M system reports on both mechanical and electrical/avionics failures
with the emphasis placed upon avionics failures. The mechanical-type
REB data required for this analysis were not present in the 3M data
inspected during this investigation.
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FAILURE RATE DATA PROGRAM

The Failure Rate Data (FARADA) Handbook for Helicopter Equipments
published by the Naval Fleet Missile Systems Analysis and Evaluation
Group contains onlv one entry relating to REB failure. This datum,
involving the failure of a transmission oush rod end bearing, does not pro-
vide a sufficient basis for a meaningful failure analysis.

MANUFACTURERS' FAILURE DATA

Bell Helicopter

There are indications that sufficient raw data pertaining to REB's

exist at Bell Helicopter, However, these data have not been processed
into a meaningful format due to Bell funding restrictions. Therefore,
no data pertaining to REB's installed in Bell helicopters were available

for this analysis,

Boeing-Vertol

Rod end bearings used for the CH-47 are procured, according to a Boeing
specification, from outside vendors. Source inspections are vigorously
pursued by the bearing vendors. One bearing out of every lot of one hun-
dred is tested to destruction. Measurements are conducted upon the
concentricity of the bearing to the race. On lined bearings, the uniform-
ity of the lining is checked. Bond integrity tests are also performed on
all bearing linings. All failure data obtained from these tests represent
only quality control problems. Ttese data cannot be used to postulate
performance data because the bearings' predominant failure mode in
operational use is excessive play due to cold flowing of the liner between
the spherical ball and the outer race.

In-service failure data were available on only three types of REB's--all
of them connecting links in the rotor control subsystem. For one of these
items, only one failure had been documented; for the other two,

14 and 25 failures were documented. Operating times were not

recorded. These [ew data points were considered insufficient to make
any meaningful analysis and/or conclusions.

Sikorsky Aircraft

Oniy a small amount of failure data was available on REB's for the CH-54,
A and B Models. The tabulated data supply only component time, failure
rate, and maintenance man=-hours, with no indication of failure mode.
Verbal information indicated that the basis for most failure reports was
excessive play in the bearing. Very often the data forms were not com-
pleted accurately and the failure cause was undefined. This made inter-
pretation of these data difficult, and meaningful conclusions could not be

drawn,
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Hughes Tool Company

Although no recorded failure data were available at Hughes, some
general information was obtained on failure modes. Most of rhe REB's
for both the OH-6A and TH-55 are of the TFE-impregnated fiber design.
In some areas, such as those close to the engine, metal bearing rod ends
are used for heat-sink purposes. These are of two basic designs: the
permanent dry film lubricated type and the zerk grease fitting type REB.

The TFE-imprcgnated fiber bearings are manufactured with various types
of fiber., The use of these was necessitated by the variation in applied
loads. The main problem associated with this type of bearing is that the
excessive load forces can eventually be applied in several different ways.
The predominant causes of load increases are as follows:

1. Upgrading of the airframe. This upgrading usually takes
the form of a substitution of a larger horsepower engine.
This higher output engine increases helicopter performance
and the various loads applied to the airframe.

2. Use of the helicopter beyond its originally specified design
flight environmental and use envelopes.

The REB designs are usually not changed to correspond to increase the
applied loads caused by either 1 or 2.

Fixcessive loads cause elongation of the bearing housing and cold flowing
of the TFE substance. This cold flow results in an increase of play to
accelerate wear of the bearing and TFE surfaces. When hydraulic actu-
ators are attached to the rod, the bearing can receive the equivalent of
many times the actual flight hours because of actua.or dither induced by
rotor shaking forces being transmitted to it from the rotor through the
flight controls. This is also applicable to straight mechanical systems,
but to a much lesser degree.

The permanently lubricated REB also has inherent problems associated
with it. The service life of the bearing is not adequate when the bearing
is subjected to the environment and vibration found in current-inventory
helicopters. Steps have been taken at Hughes to relubricate these bear-
ings by applying high-pressure grease under the bearing surface. The
results to date have not been sufficient to make concrete evaluations of
this relubrication process of permanently lubricated REB's.

The REB that can be greased is adequate only if maintained in accordance
with the preventive maintenance schedules. Lack of sufficient attention
coupled with the tempo of combat operations, inaccessibility of the
bearings that require frequent lubrication, and the ingestion of solid
contaminrants into the bearing causes REB failures. The result is lack
of grease and/or contamina.ion of the bearing and race surfaces, with
excessive surface wear and premature failure. No data were recorded
on the rates of failure for any of these bearing types, nor were the actual
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failure mcdes documented or quantified. Except for the general but
undocumented observations previously mentioned, no quantitative data
were available for any meaningful analysis.

FIELLD DATA

U.S. Army Aeronautical Depot, Corpus Chricti, Texas

The U.S. Army Aeronautical Depot, Corpus Christi, Texas was visited
in an attempt to acquire REB data. However, REB use data were not
available because all helicopters scheduled for overhaul at this facility
were completely disassembled without checking any parts, The various
part types are checked and/or rebuilt prior to reassembly or installation

in the helicopter.

Seventy-Sixth Aviation Group, Long Beach, California

The REB's used on the UH-1C's at this facility are the spherical type
which require periodic greasing. This type of bearing is constructed
with a larger clearance between the ball and the race than the self-
lubricating or TFE -lined bearings. The larger clearance is required
to provide room for the grease. (See Figure 1.)

Detail (b) of Figure 1 graphically demonstrates that as bearing rotation
occurs, the grease-coated portion of the ball is exposed to contaminants.
This exposed grease-coated surface tends to retain dust particles and
ingest them into the area between the ball and the race; thus contaminants
are ingested when the ball rotates back to its original position. These
dust particles build up and act as an abrasive, causing accelerated
bearing wear. The bearings were being replaced after 100 hours, on the
average,

New Cumberland Army Depot, New Cumberland, Pennsylvania

New Cumberland Army Depot overhauls CH-47 helicopters; however, no
failure data are initiated or collected at this facility. During this visit
only verbal information was conveyed, the essence of which indicates that
the replacement rate on CH-47 flight-control REB's "approaches

100 percent,' primarily because of excessive play in the various REB's,

Forty-Ninth Aviation Battalion, Stockton, California

This facility was contacted tn discuss maintenance practices, procedures,
and manuals for the CH-4" helicopters, the transition to which was made
in 1971, This is a California National Guard unit, the majority of whose
maintenance personnel are ex-regular Army with Vietnam experience.

The personnel interviewed indicated that they had attended the Fort Eustis
CH-47 school. The curriculum there was, they felt, too short to train
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Figure 1. Periodi:zally Greased Type Bearing.

even experienced maintenance personnel in all of the required trouble-
shooting, removal, replacement, and repair and rigging procedures.
Also, too much time of the already shortened course was devoted to
TAMMS procedures, which, though necessary, should be taught as the
subject of another short course for those who require it.

The discussion of failure problems and trends of REB's for the engine
control and flight control systems revealed that those that are TFE lined
have not, for the most part, caused problems. As has been the case on
other types of helicopters, the REB that can be greased has had a higher
failure rate than the TFE-lined bearings. Problems with cold flow and
separation have been noted in the past, but recently this has not been a
problem. Supplier quality control procedures reduced this problem to
tolerable limits, personnel contend.

Federal Aviation Administration

The FAA Aeronautical Center in Oklahoma City was contacted in an effort
to obtain REB failure data. This center publishes a Regional M or D
Trend List, Report No, RIS:FS8330-13, on all failures reported on
civilian aircraft. The FAA maintains these M or D data by aircraft
model and series type. Air Transport Association coding is used to



P

describe all the aircraft subsystems. All FAA data relating to the
civilian Bell 250 (UH-1) were obtained and analyzed. This data source
identified worn bearings (excessive play) as the predominant failure
mode. The flight times on excessively worn bearings ranged from

107 hours to 418 hours.

U.S. Army Agency for Aviation Safety, Fort Rucker, Alabama

At USAAAVS, various problems are being experienced with the large
Uni-ball that is located at the base of the UH-1H actuator tube. The new
races are being received with dry film ltbiricant, which wears out in a
very short tine and thus results in a high rejection rate. A possible
solution to this problem is the use of a stainless steel ball coated with
hard ceramic with a graphite outer race. As discussed in the Solutions
section of this report, this solution is equally applicable to the REB.

Copies of USAAAVS computer runs, dat."g from October 1969 to
March 1972, were reviewed for inforination pertinent to REB failures.
Less than ten failures were documented.

U.S. Army Aviation Test Board, Cairanes Army Air Field, Daleville,
Alabama

Personnel at this facility presented general information concerning basic
bearing failure mcdes which was similar to that received at Fort Rucker.
No quantified data. were available for analysis. A large one-piece bear-
ing (KACARB KST 609Y) that replaces the Uni-ball that is used at the
base of the UH-1 actuators was flight tested at this facility, The 6099
bearing was flown for 1961 hours, after which it failea. The present
design lasts approximately 100 flight hours, with maxiinum times of

300 flight hours being experienced. This KACARB bearing appears to
solve all of the Uni-ball problems previously discussed.
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FAILURE MODES AND EFFECTS ANALYSIS

This Failure Modes and Effects Analysis (FMEA) was pertormed early
in the program to identify the REB potential failure modes, causes, and
effects. This analysis formed the foundation for the detailed analyses of
the underlying causes for premature failures of the spherical REB's,
Also, proposed remedies or solutions for future design and procurement
specifications, maintenance practices and procedures, and inspections
and checks were identified during this analysis.

Initially the elements and/or functions of the bearing that contribute to
helicopter performance and safety were identified. These criteria were

used to establish the prevalent failure modes upon wiich the remainder
of this study was based.

METHOD OF ANALYSIS

These FMEA's provide poten.:al failure mode and effect identifications
for the two most prevalent REB types used in current-inventory U.S.
Army helicopters. These types are the lubricatable and the self-
lubricated TFE-lined rod end spherical bearings. An FMEA was per-
formed for each pertinent element of these two types of bearings.
Interviews with various Army and National Guard maintenance personnel
in conjunction with this study indicate that permanently lubricated bear-
ings are being replaced on a one-for-one basis by improved state-of-the-
art bearings such as TFE-lined bearings. Therefore, the permanently
lubricated bearings were not considered during this analysis.

The columnar headings of the FMEA data sheets are defined as follows:

1. Item/Function - Identifies a discrete bearing type and its
function in any type of control system.

2. Failure Mode - Defines the potential failure modes based
upon the function of the bearing type identified.

3. Probable Failure Cause - Identifies the probable causes of
the failure modes. The reference of these causes is apt
to change during different phases of operatioas, so consider-
ation was given to the dynamics of the operation, rather
than the likelihood of occurrence.

4, Failure Effect, Subassembly - Identifies the effect of the
potential failure on the performance of the rod end spherical
bearing assembly by itself without consideration of the other
related components or functions of the subsystem.

5. Failure Effect, Next Assembly - Identifies the failure effect
in combination with other components or functions to determine

10
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if there is a compounding or mitigating result to the control
suLsystem,

6. Failurv Effect, End Item - Identifies the failure effect in
combiniition with other subsystems or functions to determine
if there is a compounding or mitigating result tn the heli-
copter aad/or flight crew.

7. Design/Maintenance Compensating Provisions - Defines the
manner in which the design compensates for the failure mode
and/or reduces the probability of occurrence. The mainte-
nance provisions available tc reduce the probability of occur-
rence are based upon adherence to the preventive maintenance
schedules presented in the applicable technical manual.

8. Remarks/Recommendations - Presents remarks pertinent to
the usage and recommendations involving interface with other
systems.

The following procedure is used on the FMEA forms in order to eliminate
needless repetition of phrases in the '"Design/Maintenance Compensating
Provision' and "Remarks/Recommendations' columns:

1. Each '""Probable Failure Cause'' that associates with a distinct
"Failure Mode' was assigned a number.

2. Then the "Design/Maintenance Compensating Provisions' and/or
""Remarks/Recommendations' are presented as they minimize
or eliminate each particular numbered Probable Failure Cau-se
(or group of causes) that contributes to the specific Failure Mode
being addressed.

FAILURE ANALYSIS

Each failure mode was analyzed to determine the cause and mechanism
that results in the failure. In the case of a spherical REB, for example,
it may be lack of lubrication or improper loading that causes the bearing
to jam. The FMEA was also used to establish the relevant failures for
use in the life-cycle cost model. Figure 2 presents an example of a
lubricatable rod end spherical bearing. Detail A displays the swaged
type of spherical bearing, while Detail B displays the insert type of
spherical bearing. The FMEA for the lubricatable bearing is shown in
Figure 3. The lubrication schedule for the UH-1D/H helicopter REB is
shown in Figure 4. Figure 5 presents an example of self-lubricating
(TFE-lined) REB, while Figure 6 presents its FMEA.

The FMEA for the lubricatable bearing is presented herein for informa-
tional purposes and to demonstrate that this design approach was ade=-
quately addressed during this analysis. Lubricatable bearings that may
currently be in service are being replaced by TFE-lined bearings as they

11
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DETAIL "A" — SWAGED TYPE

Figure 2. Example of Lubricatable Rod End Bearing.
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M e DETAIL A

Figure 5. Example of Self-Lubricating Rod End Bearing.
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wear out or fail. Field interviews conducted during this study indicate
that U.S. Army personnel feel that TFE-lined bearings completely satisfy
the "Form-Fit-and-Function" requirements necessary for a one-for-one
substitution. The TFE-lined bearing's load rating compatibility with the
load-carrying requirement- of the control system appears to have been
overlooked prior to this substituticn process. The main criterion for
selection «nd use of the TFE-lined design is its low servicing require-
ment when compared to the lubricatable bearing design. This servicing
advantage is offset by the acceleration in wear being experienced by these
TFE -lined bearings when they are used in the higher-loading control
system applications (i.e., flight control linkage REB's used in the prox-
imity of the rotor hub).

The bearings presently in service aboard current-inventory U.S. Army
helicopters are predominantly of the TFE-lined self-lubricating type.
All recommendations presented in the FMEA's are directed toward solu-
tions of the problems associated with the use of the TFE-lined bearings.

As a general rule, the REB's are located in areas not readily accessible
for servicing; therefore, those that required periczdic greasing did not
receive it. This shortened the operational life of the lubricatable bear-
ing, which were replaced with TFE-lined, or other self-lubricating type,
bearings aboard most current-inventory U.S. Army helicopters.

The FMEA indicates that the predominant failure mode is exces-

sive play between the ball and the outer race, caused by the fabrication
approach used in the construction of these bearings. The bearings are
fabricated with the use of the spherical ball as a mandrel. The outer
race, which consists of softer material than the ball, is swaged (squeezed)
around the ball. It tends to spring radially away from the ball after the
radially inward swaging process is completed. This springback usually
results in a radial clearance of from 0.002 inch to 0.003 inch between the
ball and the race. Whenever swaged bearings are exposed to extended
vibratory environments, such as those induced by a helicopter, they wear
rapidly. This wear is revealed by the radial movement between the ball
and the race. This outward radial movement is referred to as '"play' and
is caused by the hard ball hammering against the softer outer race.
Interviews with various maintenance personne! indicate that the REB's
used in the more severe vibratory environment in the vicinity of the rotor
blades require replacement much more frequently than those installed in
the less severe vioratory environment induced by the control links.
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REQUIREMENTS, PROCEDURES, AND PRACTICES

This section presents the results of the analyses of requirements,
procedures, and practices presently being used by REB vendors, air-
frame manufacturers, and the U.S. Army on current-inventory helicop-
ters. Pertinent documents were reviewed, with primary attention given
to those areas that, by their deficiencies, result in hardware performance
problems of REB's aboard U.S. Army helicopters. The helicopter design
requirements as delineated in MIL-H-8501A were used as a baseline to
establish the standard requirements.

Each requirement, procedure, and practice was then reviewed as to its
ability to satisfy the basic performance criteria. Whenever control

documentation anomalies were found, they were documented along with
their foreseeable impact upon the performance of the REB's,

DESIGN REQUIREMENTS

The areas of design requirements investigated during this REB investi-
gation are as follows:

1. Specification control documents and drawings

2. Component selection criteria

3. Military specifications and standards

4. Design requirements to eliminate induced failures
5, Contract specifications

6. Degree of compliance with the stated criteria

Specification Control Documents and Drawings

Heiicopter manufacturer source control drawings were investigated and
found to adequately identify potential suppliers of REB's. This reference
to an REB manufacturer's part number constituted the entire design
specification part of the contract between the vendor and the various
helicopter manufacturers. The vendor part numbers and airframe man-
ufacturer part numbers were generally listed on the face of the drawing.
The materials were sufficiently identified along with dimensions and
tolerances. However, there were no tolerances specified for radial or
axial play. This lack of definition of initial play could result in delivery
and eventual use of bearings that are unsuited for use aboard helicopters.

Review of REB manufacturers' drawings revealed that inconsistencies

exist in the requirements for inspection. For example, the requirements
for fracture testing per MIL-1-6866 or MIL-1-6868, or interchangeability
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per MIL-1-8500, were not imposed upon all REB designs. Not one of the
more than 20 existing inventory helicopter REB's investigated had mili-
tary specifications (MS) imposed upon the bearing design. None of the
four bearing specifications (MIL-B-8948(ASG), MIL-B-81820A, the
MS14103 version of MIL-B-8948, or the proposed MIL-B-81819) were
referenced in any of the source control drawings reviewed. There were
separate military specifications for threads, heat treating, and in some
cases greasing. The specifications were not universally applied, and
when applied they did not cover the entire REB. There were no require-
ments for any environmental testing. It is therefore concluded that the
parts for which drawings have been supplied may not be up to military
standard requirements for REB's,

This lack of control is considerel to be a significant factor contributing

to the high replacement rates being experienced by REB's, The federal
stock number assignment does not imply that these bearings are eligible
for the U.S. Government Qualilied Parts Lists (QPL)}. Parts entered on
these QPL's have passed part-certification qualification testing. This
evaluation did not uncover any documented evidence that the majority of
bearings presently in use aboard helicopters have passed part-certification
testing. Environmental qualification testing has been notably absent from
REB selection criteria. Axial, static, dynamic, and ultimate load stan-
dards are not imposed by source control drawings.

Component Selection Criteria

Component selection criteria are those design characteristics that must
be verified. Consideration must be given to location, corrosive environ-
ment, fatigue, misalignment required by control system design, and
specific load-carrying performance characteristics required.

Review of exicting bearing specifications such as MIL-B-8942(ASG) and
MIL-B-8948(ASG) and a proposed bearing specification, MIL-B-81819,
revealed that material selection, dimensions and bearing tolerances are
the only criteria specifically addressed. These documents do not require
bearing performance in the vibratory environment induced aboard
helicopters.

Inverviews conducted with various design personnel indicate that REB
selection is based upon static load-carrying capability and corrosion
resistance. Consideration is not given to the bearing's ability to perform
in the vibratory environment,

Military Specifications and Standards

The results of the analysis of military specifications and standards that
govern the design of REB's and the spherical bearings that are installed
in the REB assemblies are discussed in the following paragraphs.

Military specifications applicable to spherical rod end bearings, such
as MIL-B-8948(ASG), which governs TFE-lined REB's, do not contain
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sufficient design requirements to assure bearing performance aboard
helicopters. REB's governed by MS21230, MS21242, and MS21243 are
used aboard helicopters. These MS bearing design requirements are
dictated by MIL-B-8948(ASG). The design qualification requirements
established in paragraph 3.1 of MIL-B-8948(ASG) invoke MS21230 and
MIL-B-8942 in addition to those shown in MIL-B-8948. Both MIL-B-
8942 and MIL -B-8948 state that the design shall conform to MS21230,
MS21231, MS21232 and MS21233 while MIL-B-8948 states that the design
shall conform to MS21242 and MS21243. These MS's establish only the
dimensional configuration, surface finish material, and hardness of the
ball and race. Both MIL specs establish a maximum wear of 0.006 inch
as a failure of the oscillating radial load portion of the design qualification
tests, The maximum number of cycles that must be sustained by a bearing
subjected to a load equivalent to one-third of its limit load is 1,000,000,

a requirement that does not represent sufficient time for a bearing
install.:d aboard a helicopter. For example, MIL-H-8501A, which

applies to cockpit controls, establishes a vibratory frequency of 32 cycles
per second (cps). If this 32 cps were used for an estimate of expected
life, then 1,000,000 cycles would represent 31,250 seconds or 8. 68 hours
of helicopter operation. The 32 cps experienced in the cockpit is probably
lower than the frequencies present at other parts of the helicopter.
Therefore, it can be stated that the 1,000,000-cycle design requirement
established for REB qualification is insufficient to guarantee any meaning-
ful useful bearing life aboard U.S. Army helicopters.

Design verification is divided into quality inspection and quality confor-
mance tests, Lot rejection criteria are not established for failure to
pass these tests,

The predominant cause of removal and/or replacement of REB's has becen
established as excessive wear between the ball and the outer race. Gen-
erally 0.012 inch maximum wear is permitted before these bearings are
replaced. The preceding discussion indicates that the bearing designs
presently used were verified by qualification test to last 8. 68 hcurs.
Interviews with maintenance personnel at various naintenance depots
indicate that the bearings experience replacement rates ranging from

95 percent to 100 percent. The unrealistically low oscillating load
qualification requirement is probably the major cause of the helicopter
bearing replacement rate being experienced by the U.S. Army.

Military Standards

Military Standard MS21230 forms the basic standard for self-aligning
spherical bearings. Standards MS21232 and MS21243 deal with the rod

end versions of the MS521230 spherical bearings. Tolerances and dimen-
sions are adequately specified except for ball-to-race tolerance and
thickness of liner. These are crucial because TFE is subjected to deforma-
tion upon vibration so that small clearances are required to minimize

ball kinetic energy and the potential amount of deformation in the vibratory
environment.
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Vibration and other environment test methods are established in
MIL-STD-810B for determining the resistance of equipment to the
effects of natural and induced environments peculiar to military opera-
tions. The test methods provided in MIL-STD-810B inconjunction with
U.S, Army helicopter operating environmental parameters would be
sufficient to verify the design integrity of REB's, However, the existing
REB design requirements do not include these environmental consider-
ations. In addition, applicable portions of MIL-STD-810B are not
imposed upon REB designs.

Design Requirements To Eliminate Induced Failures

The most probable causes of REB failure are presented in the Failure
Modes and Effects Analysis section of this report. These causes are:

1. Excessive radial loads (including vibratory loads)
2. Improper bonding of liner to race
3. Ingestion of solid contaminants

Excessive loads are a cause of failure which could be corrected by choos-
ing bearings that are capable of withstanding the oscillating loads experi-
enced. Ultimate static loads and axial proof loads are not selected with
enough of a safety factor to ensure that the bearings will withstand the
helicopter environment. A detailed critique of existing design require-
ments in the area of oscillating loads is presented in the Military Specifi-
cations and Standards portion of this report.

Existing source control drawings specify the precise type of adhesive that
should be used to bond the liner to the outer bearing race. MIL-B-81820A
was the only bearing specification which established a bond integrity test
as part of the lot acceptance process. The absence of this liner bond
integrity test requirement from the REB controlling documentation is
probably the major cause of problems that are being experienced with the
bearing race linings.

The ingestion of solid particles between the ball and the race contributes
to the acceleration of bearing wear. This ingestion of solid particles
tends to be a vicious cycle: the initial gap between the ball and the race
permits solid contaminants to enter the raceway and to abrade the race-
way, accelerating wear and thus resulting in a larger gap. Recovery is
not the predominant cause of bearing wear responsible for the high
replacement rate being experienced. The presence of these particles
within the bearing contributes to the wear of the linings., Abr=_ive wear
alone would not cause the rejection rates presently being experienced.
This lining wear in combination with the radially outward deformationr of
the race results in raceway-to-ball gaps and the necessity of replacing
the bearing.
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Contract Specifications

The source control drawings discussed in the Specification Control
Documents and Drawings section of this report form the complete set of
contract specifications used to procure REB's. These specifications
establish a comprehensive set of design qualification requirements.
Detailed instructions are provided for manufacturers who want to have
their bearing designs qualified and entered on the applicable QPL. These
specifications presently establish an effective procedure for REB design
qualification.

Review of helicopter manufacturer specification control drawings shows
that the existing REB military specifications are not imposed upon bear-
ing vendors. Therefore, the only controls that exist are the physical
dimensional tolerances and material integrity. These are maintained by
the bearing vendor and not by the F=licopter manufacturer.

A second area of difficulty exists with the specific parameters which are
used as the basis for design qualification. These specifications present

a contradiction between a satisfactory qualification procedure and unsatis-
factory detailed qualification performance parameters that must be satis-
fied when the procedure is applied. This paradoxical situation results in
the satisfactory qualification of parts to meet performance require~

ments that are too lenient for helicopter applications.

Degree of Compliance With the Specified Criteria

This analysis indicates that no formal procedure exists to enforce com-
pliance with specification control documents, drawings, military specifi-
cations, realistic design requirements, or contract specifications.
Component selection criteria were not established, nor were military
specifications imposed upon the bearing vendors or the helicopter air-
frame manufacturers.

Many of the problems with current-inventory helicopters were the result
of the U.S. Army requirement for a large quantity of helicopters in a
short period of time for use in Southeast Asia. As a consequence, design
concepts for commercial helicopter applications were used for military
versions of similar helicopters. Because of this urgent need for helicop-
ters, availability of similar commercial design concepts, and competition
for funds, numerous exceptions to military specifications were granted.
While this. procedure was an acceptable standard under the above condi-
tions, st:ps must be taken in the future to ensure that all operational
requirements are incorporated into the design of military equipment.

The benelits to be derived from incorporating all Army operational
requirements into the basic design are as follows:

1. Decreased failure rates

2. Decreased maintenance man-hours
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3. Increased availability
4, Decreased logistics requirements

5. Lower life-cycle cost for the helicopter system

QUALITY ASSURANCE

This analysis was performed to evaluate the possible cause-and-effect
relationship between existing Quality Assurance (QA) provisions and the
inherent (design) induced failure of REB's. The areas investigated are
as frllows:

l. Vendor Quality Control (QC) and shipping inspection

2. Airframe manufacturer receiving inspection

3. Initial installation procedures

4. Functional test procedures

5. Mandatory inspection points

6. Component sampling procedures

7 Degree of compliance with the specified requirements

Vendor Quality Control and Shipping Inspection

Vendors of REB's require a comprehensive QC program to assure that
failures caused by manufacturing defects and/or improper handling are
minimized. Such a program can prevent the delivery of poorly con-
structed, mislabeled, and defective parts.

Discussions held with various REB manufacturers revealed that QC pro-
grams do exist at their respective facilities; however, they concentrate
only upon material integrity and dimensional conformance to drawings.

Airframe Manufacturer Receiving Inspection

Interviews with airframe manufacturer personnel revealed that receiving
inspection of REB's was considered as an unnecessary function.

The REB's are received and installed on helicopters without any formal
QA inspections. Helicopter systems containing REB's are functionally
checked out when they are completely assembled. This same procedure
is used at the U. S. Arr.y helicopter overhaul facilities. These airframe
manufacturer QA personnel indicated that receiving inspection would be
initiated only if the fuactional checkout data indicated that a problem
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exists. They could not define a quantitative set of rules that would
establish the existence of a problem.

Initial Installation Procedures

Discussions held with airframe manufacturers failed to produce docu-
mentation as to installation practices and procedures. However, each
manufacturer states that there are such procedures in use. The adequacy
or inadequacy of their procedures could not be ascertained by this analy-
sis, since these data were not formally supplied or established during the
investigation. The enforcement of definitive installation procedures would
eliminate installation-induced failures such as connecting rods disconnect-
ing or bending during normal flight.

Functional Test Procedures

The airframe manufacturers did not release any manufacturing functional
test procedures for this analysis. Their reluctance was based upon the
lack of an existing requirement for their participation in this investigation.

Informal information obtained during interviews indicates that a formal
QA inspection is performed during flight tests. These flight test inspec-
tions are performed to verify the integrity of various systems, the test
‘requirements of which are discussed later in this report in the Test
Requirements and Procedures section.

Mandatory Inspection Points

Rod end bearings for control systems have certain inspection criteria that
should be clearly enumerated on QA inspection sheets. Investigations at
vendors, airframe manufacturers, and U.S. Army facilities failed to
verify the existence of these inspection sheets. The airframe manufac-
turers indicated that such procedures exist, but they were not available
for this analysis.

Component Sampling Procedures

To be effective, a QA program must include provisions for component
sampling. Specifications such as MIL-B-8948(ASG) and MIL-B-81820A
both reference MIL-STD-105 with respect to sampling procedures. The
method of checking design conformity through lot sampling is crucial to a
valid QA program.

No evidence was found to reveal that specific acceptance quality levels
from MIL-S1D-105 were being imposed upon bearing vendors. Criteria
or requalification procedures for rejected lots were not found to exist at
bearing vendors or airframe manufacturers.

MIL-STD-105 establishes various Acceptable Quality Levels (AQL). This
standard is referenced but it is not imposed. Formal assurance does not
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exist to verify the quality of bearings being installed on U.S. Army
helicopters.

Degree of Compliance With the Specified Requirements

Helicopter manufacturers have not imposed upon bearing vendors con-
tractual requirements for lot sampling to verify quality. Military Speci-
fications MIL -B-8942 and MIL-B-8948 do specify sampling plans from
MIL-STD-105. Neither specification establishes the maximum radial
clearance between the ball and the race to be used for rejection criteria.
The following characteristics are uscd to establish quality conformance:

1. Dimensions

2. Identification of Product

3. Workmanship

4. Preparation for Delivery

5. No-Load Breakaway Torque

6. Hardness

?

7. Magnetic Particle or Penetrant Inspection

It may be that only the highest quality commercial parts are being used,
but this does not mean that these components meet or exceed the quality
required by the military specification. To demonstrate that commercial
and military standard parts do reflect the quality required by the appli-
cable military specification, such tests as component sampling

and functional tests must be performed. There was some evidence of
sampling for the purpose of QA by one airframe manufacturer. No data
were available to indicate the level of quality or the degree of conformity
to the military specification requirements.

Neither installation procedures, mandatory test procedures, nor func-
tional test procedures were furnished by the airframe manufacturer.
They claim to have such procedures and that they are used, but because of
proprietary rights they could not divulge them. Mandatory testing points
for use by U.S. Army maintenance verification personnel are indirectly
set forth in TM38-750 but not by the applicable TM (i.e., TM55-1520-
210-20), so Army facilities could not be expected to comply.

MAINTENANCE PROCEDURES AND PRACTICES

The analysis in this section identifies the problem areas with the following:
1. Technical maintenance manuals

2. Periodic preventive maintenance inspection procedures
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3. Component shelf life considerations j
4. Failure criteria and detection mcthodology é
5. Maintenance t+kills and training |
t. Special equipment and tool requirements
7. Component accessibility

The degree of compliance with technical references used when performing
maintenance on U.S. Army helicopter control system REB's is also
presented.

Maintenance Manuals

The various Levels of Repair (LOR) maintenance manuals which govern
the maintenance, inspection, replacement, and checkout of flight control
L system REB's were reviewed and analyzed to determine the following:

1. Are applicable documents adequately considered for technical
reference?

2. Is assignment of LOR responsive to hardware operational
requirements?

3. Is the applicable subsystem to be repaired adequately described?
4. Are all adjustment procedures including tolerances provided?

5. Are material/manpower requirements including special tools
and test equipment set forth?

6. Are skill levels required to perform assigned maintenance
tasks presented?

Technical References

The general tone of a technical manual as well as the frequency of
reference to other manuals can encourage or discourage its use as

a tool in maintenance procedures. The direct support technical man-
uals make repeated references to other documents. These refer-
ences never identify the appropriate information. These factors

tend to discourage the mechanics from using the manuals. The
resulting practice of depending upon experience, rather than going

by the book, contributes to poor installation and maintenance inspec-
tion procedures, premature removals, and early REB failures.
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Level of Repair

REB's are treated as low-value discard items., When required,
these items are removed and replaced without being repaired.
Therefore, the various LOR's are not designated for REB's.

Subsystem Description

Rod end bearings are not treated as an individual system or sub-
system in any of the technical maintenance manuals. These bearings
are referred to as they exist within a system such as flight control,
engine control, etc. Problems arise because the REB designs pres-
ently being used require individual identification as a maintenance
item. This lack of maintenance requirement identification contrib-
utes to the REB problem in a minor way.

Materials/Manpower Requirements

The materials requirements pertaining to REB maintenance consist
of replacement part numbers. Manpower requirements necessary to
install them into a system and properly adjust that system are not
specified either in the organizational, direct support, or general
support maintenance manuals.

Lack of specific maintenance requirements such as torque values,
allowable wear limits, clearances, and maximum times between

inspections are factors that contribute to premature bearing failures.

Skill Level Regquirements

Skill level requirements to perform the specific maintenance tasks
are not identified in the Army TM. Skill level should be identified
in terms of Military Occupational Speciality (MOS) in combination
with pay grade and experience. Lack of skill level requirements,
esnecially in the area of preventive maintenance, contributes to
early REB failures in the following modes:

e Improperly rigged control systems can result in induced
bending of links and frozen bearings.

e Rattling of links can cause accelerated wear of the bearings.

Periodic Preventive Maintenance Inspection Procedures

The various types of preventive maintenance inspection procedures used
to determine the readiness condition of the helicopter were examined for

1. Frequency and interval criteria of inspections
2. Clarity and thoroughness of procedures

3. Material and manpower requirements
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The daily, intermediate, and periodic inspections are intended to be
performed at the organizational level to identify and correct deficiencies
before malfunctions occur. Specifically, these inspection procedures
were investigated relative to preventive maintenance performed upon
REB's.,

Inspection Intervals

Organizational level inspection intervals for systems containing
REB's are established by using aircraft flight hour intervals. While
this may not directly affect bearing performance, scheduling periodic
inspections is difficult to predict because it cannot be readily deter-
mined which aircraft will reach the next inspection flight-hour inter-
val. Critical inspections are degraded and maintenance management
is under duress when an unusually large number of helicupters
require an inspection interval at any one time. The establishment
of a calrndar time basis for these periodic inspections would facili-
tate both maintenance and flight assignments. The flying units would
have precise information about the time period any specific helicop-
ter would be unavailable for use. Maintenance personnel would know
the numbers of helicopters and the type of maintenance load to expect
during any time interval.

1. Preventive Inspection Procedures (Daily)

All sequence numbers in the UH-1D/H Preventive Mainte-
nance Daily (PMD) were reviewed for preventive mainte-
nance procedures regarding REB's, As previously stated,
they are not identified as end items for scheduled or
unscheduled maintenance, and therefore the skill and
experience level of the helicopter crew are relied upon
for effective inspection of REB's in control linkages.

They are not identified as an item requiring daily inspec-
tion. Absence of daily inspecticns could contribute to
accelerated bearing wear resulting from dirt or fluid
contamination and/or poor REB linkage adjustment detection.

2. Preventive Inspection Procecures (Intermediate)

The 100-hour Preventive Maintenance Periodic (PMP)
inspection interval on the UH-1H requires the REB's
between the collective sleeve drive plate and mast to be
checked for excessive play. Rod end bearings on the
elevator control linkage are also checked for excessive
play and wear on the UH-1H, Lack of specifics regarding
wear tolerances, material condition, and preventive
maintenance actions can result in premature failure or
possibly unnecessary removal, Other helicopter model
100-hour PMP instructions make a general reference to
REB's with the sta:ement '""Check rod end condition."
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A review of these procedures reveals that the U.S. Army does not
adequately define many specific details and inspections that are
considered mandatory for effective maintenance. The preventive
maintenance inspection checklists do not provide tolerances or ade-
quate references for determination of these tolerances. They should
provide these tolerances or adequate references to other applicable
U.S. Army documents such as the helicopter TM. In addition, only
B general references are made to REB's and not to a specific check
that must be accomplished. Important areas may not be inspected
because of these generalities.

Technical References

The daily, 250-hour, and 100-hour preventive maintenance checklist
inspection procedures referred to other technical sources for the
various helicopter subsystems or components that contain REB's.

The U.S. Army helicopter preventive maintenance checklists are
intended for use by maintenance personnel. These checklists do not
define specific maximum wear tolerances for REB's. The allowable
wear tolerances are provided in the crganizational maintenance man-
uals. Applicable organizational maintenance manuals were reviewed
for troubleshooting procedures applicable to flight control systems.
They define the probable failure cause and they indicate that correc-
tive action is needed. No reference was made to the specific manual
that outlines the repair or replacement procedure that should be used
to correct the problem. This situation leaves an '""open loop' with
respect to verifiable and consistent repair of the REB.

; Component Shelf Life Considerations

The predominant failure modes associated with REB use are as follows:
1. Excessive gap between the ball and the race
2., Contamination or corrosion of ball or race

The metallic bearing parts such as the ball and race are not subject to
deterioration over time if the bearing is properly packaged. All liner
materials presently used in bearings will not deteriorate even if left
unpackaged. All bearing specifications reviewed specify packaging per
MIL-B-197. Shelf life should not be a factor in bearing performance if
the bearings have been packaged in accordance with MIL-B- 197 and the
package has not been damaged.

Failure Criteria and Detection

Rod end bearing failure is usually diagnosed as a result of excessive
vibration in the system or too much or too little force required to operate
the control systems. These are symptoms of excessive radial or axial
wear of berrings, bearing coatamination or cracking, and/or bent links.,
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An example of REB failure detection criteria is presented in Table I.
Figure 7 presents a representative example of REB applications for the
UH-1D/H helicopter dizcussed in Table I. The values in this table were
extracted from the UH-1D/H organizational TM (e.g., TM55-1520-210-
20). Typically REB wear is measured with a dial indicator for both axial
and radial directions, Excessive bearing wear can also be detected by
low forces required to move the contro} stick or high-frequency vibrations,
while corroded or bound bearings are characterized by high stick or

pedal forces.

Maintenance Personnel Skil) Levels, Qualifications and Training

1. Flight control system maintenance school lesson plans were
reviewed, and interviews were conducted with field maintenance
personnel in order to assess the possibility of maintenance-

TABLE I, EXAMPLE UH-1D/H REB APPLICATIONS

Control tubes (3) between bell crank and servo valve at servo
valve end (P/N 47-140-252-3)

- 0.012 inch radial and axial maximum allcwable wear limit
- Torque nut 100-150 inch-pounds

Pitch change links (2) in main rotor group at lower end
(P/N 204-011-175)

- 10.5 inch centur to center £ 0.030 inch
- Torque nut 200-250 inch-pounds
- 0.010 inch radial and axial maximum wear limit

Damper link rod end (2) in main rotor group at lower end
(P/N 47-140-252-5)

- 0.012 inch axial and radial wear tolerances
Tail rotor pitch change linkage (P/N 204-011-762-1, -7, -11)
- 0.020 inch axial or radial play

- Torque blade assembly end 60-110 inch-pounds

- Torque crosshead end 50-70 inch-pounds
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Figure 7. Pitch Change Link Assembly.

induced REB problems. The courses reviewed were conducted
at the U.S. Army Transportation School, Fort Eustis, Virginia.

The lesson plans appear to be followed and attempts are made
to keep them updated. An interview with an instructor at the
school indicated that the course should be lengthened. He stated
that tolerance buildups in flight control systems were common
"gripes' by pilot and crew chiefs. He also stated that the
replacement rate of Flight Control System (FCS) REB's was a
big problem. Even when the total displacement of an FCS was
measured and it was within tolerance, bearings were still
replaced because the system did not respond well and excessive
noise due to vibrations was evident.

The direct/general support (68 series) courses do not instruct
personnel in the use of maintenance verification. This mainte-
nance verification involves the checking of maintenance actions
by another person after they have been performed. The instruc-
tors interviewed felt that the need for such maintenance verifi-
cation is evidenced by the high incident rate of REB failures
being experienced after initial REB replacements. Accelerated
bearing wear is usually experienced when installation and rigging
errors are not observed and corrected.

The following comments are applicable to Publication No. 253-110-14,
"AH-1G Flight Control Systems'':

i

No reference is made to maintenance-related quality assurance,
i. e., maintenance verification.
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2. Emphasis is placed upon ""knowing-the-systems.'" The
explanations presented do not go into sufficient detail because
they depend upon the previous experience of maintenance per-
sonnel, These explanations do not list the most likely failure
modes, failure causes, or mistakes encountered with REB's.
Because of the prodigious quantities of information in the
manuals, maintenance personnel must rely heavily upon memory;
this is considered a major factor in the variability of the quality
of repair.

3. The lesson plans do not sufficiently emphasize the reasons for
good maintenance practices as they relate to exposed surface
preventive maintenance, i.e., the necessity for cleanliness of
moving parts on a day-to-day basis.

Other instructers at the school indicated that on-the-job-training (OJT)
was relied upon in lieu of formal training. Formal school training is not
offered after the initial course. Maintenance personnel trainees can
eventually qualify for crew chief without any additional schooling. The
lack of formal training and the lack of periodic verification of existing
maintenance skills can be major factors in REB maintenar.ce-induced
failures.

Special Equipment and Tool Requirements

Organizational maintenance manual TM55-1520-210-20P-2 contains a

list of airirame tools, ground support, and flyaway items for the helicop-
ter that is to be maintained. The tool requirements are not always pre-
scribed as a part of maintenance procedures. The listing is adequate and
pertinent to each model helicopter. Field interviews indicate that tool
availability would not contribute to REB failures. While tool availability
is not considered a problem, misuse of tools, as related to skill level,
could contribute to REB failures.

The special tools and their specific applications for REB maintenance are
as follows:

® Dial indicator - Measure bearing radial and axial wear
® Micrometer - Measure ball diameter

e Protractor - Detect angular freedom of rotor blade grips
when installing linkage

e Spring force measurer (fish scale) - Measure required force
to deflect control stick

e Torque wrenches - To apply appropriate torque to bolts during
rigging operation
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Component Accessibility

Fuselage panels requiring removal for access to various REB's are not
described or shown on the applicable maintenance checklists or organiza-
tional maintenance manuals presently in use.

The maintenance checklists previously mentioned are provided to mainte-
nance personnel by the Department of the Army. They are formatted on
plastic-coated 7 x 9-1/2-inch cards, and are intended for use while per-
forming maintenance checks on all Army helicopters. Different sets of
cards exist for daily, intermediate (25 hours), and periodic (100 hours)
checks.

Omission of panel identity is not viewed as the cause of REB failures
per se, but it does indicate the incompleteness of the technical
publications.

The time required to remove and replace access panels cannot in itself
be considered as a cause of maintenance-related failures. However, the
time element is important since maintenance personnel avoid performing
certain tasks because they do not want to take the time to remove and
replace access panels. The types of maintenance actions often not per-
formed include inspection, cleaning, adjustments, and lubrication at
assigned intervals., Because these types of periodically required mainte-
nance activities are not performed, they are considered contributors to
REB failures.

Degree of Compliance With the Specified Requirements

All of the technical maintenance manuals ranging in level from

daily preventive inspection to the depot overhaul were reviewed. Field
interviews regarding their use were also conducted. The conclusion
reached is that the manuals are not referred to and are not complied with.
There is also an overall lack of written procedures regarding REB
problems.

Periodic inspection is not addressed in the scheduled maintenance cards
in terms of failure tolerances. Noncompliance is mainly due to lack of
failure criteria in the daily, 25-hour, and 100-hour inspection interval
checklists. These preventive maintenance checklists are not self sustain-
ing or self explanatory and do not effectively tie in with the technical
maintenance manuals and are, therefore, not effective.

There is no reference to MIL-B-197D in the REB military specifications
with respect to packaging and storage. MIL-B-197D type protection is
probably not required as long as direct exposure to force, vibration, or
contamination is avoided. Some sort of realistic protection should be
provided in lieu of MIL-D-197D.

Despite the use of definitive failure criteria, sufficient documentation
was not available to determine compliance with the detection of REB
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failures. The existing organizational maintenance manuals did not show
which failure detection methods were used to determine the original
existence of the problem. The effects of the failure, the use and specific
applications to which REB's are put, and useful bearing life aboard a
helicopter were sometimes given. Helicopter failure data relating to
REB wear and increases in ball-to-race breakaway torque were obtained
by extrapolating flight control malfunction data and/or reported instances
of excessive vibration.

¥ Various special tools such as protractors and dial indicators are pro-

g vided to measure the wear dimensions (excessive play) between the race
i and the ball, The effective use of these measuring devices requires dis=-
f assembly and removal of the REB's from the helicopter. Once the bear-

ings are removed, it is just as easy to replace them as it is to perform the
measurement. Therefore, the bearings are not checked when they are
installed aboard the helicopter because the inspection checklists do not
specifically require this action and the tools provided for this inspection
require their removal from the aircraft. The tools to be used at the vari-
ous levels of maintenance are listed in the special parts and tools manuals.
This was not identified as a r-oblem area contributing to failures. Im-
proper use of tools as related to skill levels is, however, a contributing
factor to REB failures.

Formal training of maintenance personnel is too short and not sophisti-
cated enough to be effective. Refresher courses and/or periodic assess-
ment of maintenance personnel skills is nonexistent. The existing heavy
reliance upon OJT, combined with the nonexistent verification of mainte-
nance personnel skills, results in misrigging which contributes to acceler-
ated bearing wear,

Access to REB's is adequate; however, this access is not presently

shown in inspection and maintenance procedures. As stated above, the
time required to remove and replace the access panels tends to discourage
the performance of the periodically required REB inspections and checks.

The lack of access identification does not directly affect performance, but it
causes the required check not to be performed. Thus erratic or non-
existent performance of required maintenance checks is a contributor to
accelerated wear of REB's.

TEST REQUIREMENTS AND PROCEDURES

Testing of REB's for use in U,S., Army helicopters was analyzed to
evaluate the inherent design and present procedures with respect to the
projected mission scenarios. The specific testing requirements and
procedures investigated during this analysis were as follows:

1. Environmental test and procedures

2. System compatibility testing requirements and procedures
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3. Qualification test requirements and procedures
4. Flight test plan and procedures

5. Scrvice test plan and procedures

6. Al.ceptance test procedures and results

7. Degree of compliance with the specified test procedures and
requirements

Testing in itself will not minimize or eliminate existing design failure
modes or failure causes. These tests serve only to identify and verify
the existence of a specific failure mode when the design is required to
perform in a particular set of environmental situations. The identified
and verified failure modes can be eliminated only by changes within the
design itself or by elimination of the specific cause of the particular
failure mode.

Environmental Test Procedures

Environmental testing procedures are essential to adequately predict the
performance characteristics of REB's in their intended environment.
Procedures for environmental testing are covered by MIL-STD-810, but
the document requirements are not imposed upon the supplier of REB's
used aboard Army helicopters.

The use of environmental testing in REB design approaches would result
in the identification of any design weaknesses prior to the production
phase in the life cycle. This timely design weakness identification would
result in design changes and/or compensatory maintenance provisions.
These changes would reduce helicopter downtime caused by unschedaled
maintenance of systems containing REB's,

Systermn Compatibility Testing Requirements and Procedures

System compatibility testing is an essential process because it estab-
lishes the performance adequacy of the REB's when installed within a
helicopter system such as the flight controls. The conduct of these tests
is governed by the procurement and design specifications for the end-
item helicopter as well as the component specifications.

Present systems tests include checking high and low pitch of the blade
grip with a protractor and adjusting the length of the link properly. Lock
nuts are tested to assure lack of rod end housing movement relative to

the rod. Center-to-center lengths between REB's of the same link are
tested. The tubes which have REB's are checked for cracks. The loca-
tion and direction of fastening nuts, bolts, and lock washers with respect
to the bearing are specifically stated. A dial indicator and procedure for
its use are specified for checking on axial and radial play on some REB's;
tolerances are listed for each bearing. All of these test items are
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sufficient to identify system compatibility problems that exist. Verifica-
tion that these tests has been performed could not be found. This lack of
formally documented verification is a major factor contributing to the
inconsistency and variability in REB performance aboard helicopters.

Qualification Test Requirements and Procedures

The military specification which governs REB qualification testing is
MIL. -B-8948(ASG). This specification or its proposed successor MIL-B-
81819 is applied to bearings installed on current-inventory helicopters by
airframe manufacturers. Neither the vendors nor the Army present
documentation which describes qualification testing of REB's used on
Army helicopters. Qualification tests, when completed, are one-time
tests unless components are modified or operational requirements are
changed.

The qualification testing of the REB must be imposed prior to full-scale
production. This testing period is the time to determine if the REB is of
appropriate inherent design for its intended operational environment. For
this purpose, the tect objective is to simulate conditions more severe than
actual Army operational conditions of high vibration loads, cyclic rates,
and other environmental conditions encountered such as dust, dirt, fluid
contaminates, salt spray, and heat.

Flight Test Plans and Procedures

This analysis considered flight testing as those activities performed by

the airframe manufacturers and those performed by the Army. The air-
frame manufacturers use flight testing for design and/or production vali-
dation prior to helicopter delivery. Army flight test activities are
performed to qualify or accept new helicopters and to validate maintenance

activities.

% Individual airframe design validation or predelivery flight test procedures

£ were not available for analysis during this investigation. Therefore,

2 statements pertaining to their adequacy in detecting REB problems cannot

; be made.

E Army engineering flight tests are structured to expose new helicopter
designs to prolonged operational conditions. These tests are normally

¥ conducted in a manner which would expose indications of design weak-

: ness and failure mcdes. Tests of this nature are performed at helicopter
B maximum gross weight for extended time periods.

The Army maintenance verification flight tests check the flight control
system for lack of response, binding, and creeping in both cyclic and
collective pitch. Vibration is monitored at low frequencies, which may
indicate excessive play at main rotor pitch change REB, or high frequency,
which may indicate damage to a tail rotor pitch chain link REB in many
flight modes. The flight test procedures for linkage performance are
capable of detecting many existing control system failures or impending
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failures. An excerpt from UH-1D/H organizational maintenance manual
TM55-1520-210-20 is shown in Table II. This table demonstrates the
high degree of adequacy inherent in these flight test procedures, which
provide for formal documentation of each parameter listed therein.

Service Test Plans and Procedures

Service tests are usually performed as part of, or in conjunction with,
system qualification testing, usually at U.S. Army installations, and
with the use of existing flight and maintenance personnel. These tests
determine the operational serviceability of the system when the
maintenance/service is performed by U.S. Army personnel. Any main-
tenance problems that would exist with a new design are identified. The
manufacturers then make appropriate changes and the item is retested.
When successfully completed, these tests provide the Army with mainte-
nance data that are used as inputs for manual preparation, training, level-
of-support decisions, and maintenance workload planning, The Army
then has reasonable assurance that the new design will possess the
required availability when it is introduced into the inventory.

Information was not found to verify that formal maintainability demonstra-
tion was performed per MIL-STD-471 or any other set of requirements.

Acceptance Test Procedures and Results

Formal acceptance test documentation that verified the performance of
helicopters which were used as a baseline for this study was nonexistent.
Interviews with various Army procurement personnel indicate trat these
helicopters were purchased as operational ""off-the-shelf'" hardware.
This procurement policy resulted in acceptance of helicopters v..thout
formally verified performance characteristics. Consequently, the orig-
inal REB's installed in these helicopters were of commercial quality and
not of military standard qualit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>